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THE	UNIVERSITY	OF	SAN	FRANCISCO	Dissertation	Abstract		An	Investigation	of	Multimedia	Instruction,	the	Modality	Principle,	and	Reading	Comprehension	in	Fourth-Grade	Classrooms				 Elementary-school	teachers	are	faced	with	the	responsibility	of	finding	the	most	effective	ways	to	educate	their	students	using	multimedia	approaches.		The	use	of	instruction	with	visuals	and	audio	has	resulted	in	positive	learning	outcomes	on	retention	and	transfer	tasks	for	junior-high	and	high-school	students.		This	approach	that	results	in	the	modality	principle	has	been	tested	less	frequently	in	elementary-aged	students.		 The	purpose	of	this	study	was	to	examine	two	different	multimedia	instructional	approaches	to	investigate	which	condition	offers	beneficial	learning	outcomes	through	recall	and	transfer	assessments	during	a	lesson	on	different	types	of	energy	in	fourth-grade	classrooms	using	a	Powerpoint®	presentation.		In	addition,	reading-comprehension	levels	were	studied	to	investigate	how	students	with	varying	reading	levels	performed	on	recall	and	transfer	tasks	when	presented	with	an	audio	or	visual	presentation.	The	independent	variables	were	the	method	of	instruction	including	visuals	with	auditory	information	and	visuals	with	written	text	and	reading-comprehension	scores	from	a	previous	assessment.		The	dependent	variables	were	student	performance	on	recall	and	transfer	assessments.				 Results	from	the	study	were	not	statistically	significant	for	the	method	of			 ii	
	 	 	 	 				 	 	 	 	 	
	 	
multimedia	instruction	overall	on	both	dependent	variables	and	for	three	different	reading	levels.		Students	who	received	multimedia	instruction	with	visuals	and	written	text	and	with	visuals	and	audio	performed	similarly	on	recall	and	transfer	tasks.				 Results	suggested	that	both	methods	of	multimedia	instruction,	visuals	with	text	and	visuals	with	audio,	can	be	used	in	elementary-school	classrooms	with	similar	outcomes	on	recall	and	transfer	tasks.		These	results	translate	to	students	at	different	reading	levels	as	well.			When	teachers	are	preparing	or	choosing	lessons	for	elementary-aged	students,	a	visual	text	or	audio	approach	may	benefit	their	students	in	similar	ways.				 												 iii	
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2. When	fourth-grade	students	are	presented	with	visuals	accompanied	with	audio	instruction,	to	what	extent	does	their	performance	on	transfer	tasks	compare	with	those	fourth-grade	students	who	are	instructed	with	visuals	and	written	text?	3. How	do	students	with	varying	reading	levels	perform	on	recall	and	transfer	tasks	after	being	given	audio	or	visual	instruction?		4. What	is	the	interaction	effect	between	the	modality	principle	and	reading	comprehension	levels	tested	on	recall	and	transfer	tasks?	
Definition	of	Terms		 The	following	terms	are	used	in	this	study.		Definitions	from	various	authors	may	differ,	but	meanings	were	chosen	from	research	studies	consulted	for	purposes	of	this	study	and	are	the	ones	used	in	this	study.				 Active	learning	as	defined	by	Mayer	and	Moreno	(1998)	takes	place	when	a	learner	engages	three	cognitive	processes:	selecting	relevant	words	for	verbal	processing	and	selecting	images	for	visual	processing,	organizing	words	into	a	coherent	verbal	model	and	organizing	images	into	a	coherent	visual	model,	and	integrating	corresponding	components	of	the	verbal	and	visual	models.		 Animations	as	defined	by	Butcher	(2014)	are	visual	representations	that	depict	dynamic,	moving	content.		 Boundary	conditions,	as	referred	to	by	Mayer	(2009),	are	defined	as	the	possible	reasons	why	the	modality	principle	is	not	witnessed.		Boundary	conditions	include	pacing	of	presentation,	complexity	of	information,	and	prior	knowledge	of	learners.	
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	Cognitive	load	theory	(CLT)	as	referred	to	by	Sweller	(2010)	is	an	instructional	theory	based	on	knowledge	of	human	cognitive	architecture.		 Cognitive	overload	occurs	when	the	learner’s	intended	cognitive	processing	exceeds	the	learner’s	available	cognitive	capacity	according	to	Mayer	and	Moreno	(2003).		Mayer	and	Moreno	(2003)	offered	the	dual	task	and	channel	approach	in	which	information	is	split	between	verbal	and	pictorial	channels	to	offset	the	possible	overload.		 The	Cognitive	Theory	of	Multimedia	Learning,	as	defined	by	Mayer	(2014),	is	a	theory	of	how	people	learn	from	words	and	pictures,	based	on	the	ideas	that	people	possess	separate	channels	for	processing	verbal	and	visual	material.		Each	channel	can	process	only	a	small	amount	of	material	at	a	time,	and	meaningful	learning	involves	engaging	in	appropriate	cognitive	processing	during	learning.		 Dual	Coding	Theory	is	defined	by	Paivio	(1986)	as	separate	channels	for	the	processing	of	visual	and	verbal	presentations	and	works	under	the	assumption	that	the	amount	of	processing	that	can	take	place	within	each	channel	is	extremely	limited.		 Element	interactivity	refers	to	the	extent	to	which	the	learning	task	requires	the	students	to	hold	several	related	chunks	of	to-be-learned	information	in	working	memory	simultaneously	in	order	to	comprehend	then	learn	the	concept	or	procedure	(Tindall-	Ford,	Chandler,	&	Sweller,	1997)		 Extraneous	processing,	as	defined	by	Mayer	(2006),	is	cognitive	processing	that	wastes	precious	cognitive	capacity	but	does	not	help	the	learner	build	an	appropriate	cognitive	representation.		
		 	
34	
Instructor	or	system-paced	lessons	occur	when	learners	have	no	control	of	the	pacing	of	presentation	of	materials	and	the	speed	of	speech	in	the	presentation	is	considered	as	the	maximum	time	needed	for	instruction	(Savoji	et	al.,	2011).		The	timing	of	the	lesson	is	defined	and	set	by	the	instructor.		 Long-term	memory	is	defined	by	Cowan	(2001)	and	Miller	(1994)	as	the	part	of	memory	where	large	amounts	of	information	are	stored	semipermanently.		Meaningful	learning	was	defined	by	Mayer	and	Moreno	(2003)	as	a	deep	understanding	of	the	material	that	includes	attending	to	important	aspects	of	the	presented	material,	mentally	organizing	it	into	a	coherent	cognitive	structure	and	integrating	it	with	relevant,	existing	knowledge.		 Media	is	the	physical	system	or	vehicle	used	to	deliver	instruction	such	as	a	teacher’s	lecture,	a	textbook,	or	computer	(Moreno,	2006).		 Mental	load	is	the	difference	between	task	demands	and	a	person’s	ability	to	master	those	demands	(Moreno	&	Park,	2005).		 Modality	is	as	the	sensory	channel	that	is	used	initially	by	learners	when	the	process	information	(Moreno,	2006).	She	also	defined	visual	and	auditory	modalities	as	information	presented	in	visual	text	and	voice.				 Modality	principle	or	effect,	as	referenced	by	Ginns	(2005),	contends	that	learning	will	be	enhanced	if	textual	information	is	presented	in	an	auditory	format	rather	than	the	usual	visual	format	when	accompanying	related	visually-based	information	such	as	a	graph,	diagram,	or	animation.		In	this	study,	the	modality	principle	will	be	apparent	if	students	perform	better	on	recall	and	transfer	tasks	when	given	instruction	with	pictures	accompanied	by	audio	voice.	
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measured	as	part	of	an	assessment	that	contained	7	multiple-choice	and	3	short-answer	questions.		The	recall	portion	consisted	of	10	items.		 Reverse	modality	effect,	as	referenced	by	Leahy	and	Sweller	(2011),	occurs	when	performance	after	visual-only	presentations	including	text	is	superior	to	performance	after	visual	and	audio	presentations.		 Schema,	as	referenced	by	Kalyuga	(2011),	is	a	collection	of	organized	knowledge	structures	that	learners	hold	in	their	long-term	memory	base.		 Short-term	memory,	as	defined	by	Cowan	(2001)	and	Miller	(1994),	is	defined	as	the	area	where	small	amounts	of	information	are	stored	for	short	periods	of	time.		 The	temporal	contiguity	explanation	states	that	the	mental	integration	of	verbal	and	pictorial	information	is	facilitated	when	text	and	picture	can	be	processed	simultaneously	(Schuler	et	al.,	2012).		 Temporal	speech	cueing	is	defined	by	Mann	(1995)	as	spoken	information	about	future	or	past	events	that	presents	highlights	or	details	about	static	or	moving	visuals.		 Teacher	training	is	the	formal	and	informal	means	of	helping	teachers	not	only	learn	new	skills	but	also	develop	new	insights	into	pedagogy	and	their	own	practice	and	explore	new	or	advanced	understandings	of	content	and	resources	(Choudhary	&	Bhardwaj,	2011).		 Transfer,	as	explained	by	Driscoll	(2005),	is	the	application	of	something	previously	learned	to	a	new	problem	or	in	a	new	context.		Scheiter	et	al.	(2014)	referred	to	transfer	as	applying	acquired	knowledge	to	novel	situations.		Transfer	performance	was	measured	through	6	multiple-choice	and	4	short-answer	
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Instrumentation		 The	pretest,	posttest,	and	instructional	material	were	constructed	by	the	researcher.		Reliability	and	validity	considerations	were	taken	into	account	during	the	construction	and	are	explained	in	a	later	section.		 Multiple-choice	and	short-answer	questions	were	used	for	an	identical	pretest	and	posttest.		This	assessment	relates	to	the	dependent	variable	of	student	achievement	on	recall	and	transfer	tasks.		The	test	consisted	of	13	multiple-choice	followed	by	7	short-answer	questions.		Examples	of	test	questions	can	be	found	in	Table	1.		Each	multiple-choice	question	was	worth	one	point	and	the	short-answer	questions	were	worth	from	one	to	three	points,	depending	on	the	number	of	components	included	in	the	question	(Appendix	B).		The	researcher	was	not	only	interested	in	retention	but	also	in	understanding	and	problem	solving	in	relation	to	the	material.		For	this	reason,	recall	and	transfer	tasks	were	constructed.		Transfer	questions	did	not	come	directly	from	the	material.		Instead,	these	questions	required	learners	to	take	the	information	learned	and	apply	that	information	to	new	experiences.		For	example,	one	question	asked	participants	to	name	an	object	in	their	home	not	mentioned	in	the	instruction	that	uses	electrical	energy.				 The	test	consisted	of	10	recall	and	10	transfer	questions	in	both	multiple-choice	and	short-	answer	form.		Transfer	questions	were	not	isolated	to	short-
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Table	3	Timeline	for	Data	Collection					_____________________________________________________________________________________________	Date	Collected	 	 Data	_________________________________________________________________________________________		 Thursday,	October	15	 Pretests	administered	at	each	school	site		 Friday,	October	16	 	 Pretests	collected	from	each	school	site		 Thursday,	October	22	 Instruction	and	posttests	administered	and			 	 	 	 	 collected	at	school	#1		 Friday,	October	23	 	 Instruction	and	posttests	administered	and			 	 	 	 	 collected	at	school	#2		 Monday,	October	26	 	 Instruction	and	posttests	administered	and			 	 	 	 	 collected	at	school	#3		 Thursday,	November	3	 IOWA	test	results	collected	at	all	school	sites											___________________________________________________________________________________________		 	





















































Table	4	Means	and	Standard	Deviations	for	the	Pretest	and	Posttest	Recall,	Transfer,	and	Total	Scores	Broken	Down	by	Treatment	Group	_________________________________________________________________________________________________		 	 	 	 	 						Group		 	 	 	 			 	 	 	 Visual(n=37)	 Audio(n=37)	 Total(N=74)	Test	Variable	 	 	 	M	 		SD	 			M	 			SD	 				M	 		SD	






	Figure	3.	Pretest	and	Posttest	Recall	Scores	Broken	Down	by	Treatment	Group	Table	6		Results	of	Two-Way	ANOVA	for	Recall	Scores	_________________________________________________________________________________________________	Source		 	 	 SS	 	 df	 MS	 	 F														eta	squared	_________________________________________________________________________________________________	Reading	Level		 												102.28	 	 2										51.14	 											5.65*	 				.14	Treatment	 	 	 			0.54	 	 1												0.55	 											0.06	 	 	Reading	Level	x	Treatment	 			7.41	 	 2												3.71	 											0.41	Within		 	 												614.53	 												68	 	9.01	Total	 	 	 												728.05	 												73	_________________________________________________________________________________________________	*	Statistically	significant	when	the	overall	error	rate	was	controlled	at	.05		For	transfer	tasks,	participants	in	both	groups	also	showed	gains.		The	visual	group	had	a	mean	change	of	3.68,	and	the	audio	group	had	a	mean	change	of	3.30	(Table	7).		The	visual	group	also	had	a	higher	mean	than	the	audio	group	on	transfer	
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tasks.		The	difference	between	the	two	instructional	groups	on	transfer	measures	was	larger	for	the	posttest	than	the	pretest	with	the	visual	group	outscoring	the	auditory	group	on	average	for	both	tests.			Table	7		Means	and	Standard	Deviations	for	Transfer	Change	Scores	Broken	Down	by	Treatment	Group	and	Reading	Level	_________________________________________________________________________________________________	Group		 	 	 ____________________________________________________________________	Visual	 	 							Audio											 				Total			Reading	Level							 		n	 M	 SD											n					M										SD									n									M	 									SD	Low	 												 	 				6	 2.00				2.68	 		8					1.88					2.17				14							1.93								2.30	Medium	 	 		12	 4.00				2.86	 12					3.50				2.39				24								3.75								2.60		High	 	 	 		19	 4.00				2.69	 17					3.82				2.40				36								3.92								2.52	Total	 	 	 		37	 3.68				2.77	 37					3.30				2.41				74								3.49								2.59	_________________________________________________________________________________________________		Figure	4	shows	the	pretest	and	posttest	scores	for	each	treatment	group	with	regard	to	transfer	outcomes.		When	means	were	examined,	participants	scored	higher	on	average	in	the	visual	condition	but	by	less	than	one	point.			Results	of	the	ANOVA	analysis	did	not	show	a	statistically	significant	effect	for	transfer	scores	by	method	of	instruction	(Table	8).		These	results	were	not	statistically	significant	so	effect	sizes	were	not	computed.			 Reading	levels	and	outcomes	on	recall	and	transfer	tasks	were	another	area	of	focus	for	this	study.		Students	were	placed	randomly	in	a	visual	or	auditory	condition.		Research	question	three	called	for	an	examination	of	recall	and	transfer	
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processors	during	a	lesson	(Leahy	&	Sweller,	2011;	Moreno	&	Mayer,	2002),	in	order	to	learn	if	previous	results	using	the	modality	principle	with	older	students	would	transfer	to	younger	students.		 This	study	is	unique	because	students’	reading	levels	based	on	on	a	previous	measure	using	comprehension	scores	were	used	to	investigate	the	modality	principle.		An	area	of	interest	included	how	students	with	varying	reading	levels	performed	on	a	recall	and	transfer	assessment	when	presented	with	an	audio	or	visual	presentation.		A	limited	amount	of	research	that	has	focused	on	the	modality	principle	has	included	reading-comprehension	levels	as	an	independent	variable	(Scheiter	et	al.,	2014;	Witteman	&	Segers,	2010).		If	a	possible	relationship	does	exist	between	reading-comprehension	levels	and	instructional	condition,	teachers	may	be	able	to	make	more	informed	decisions	when	choosing	instructional	delivery	methods	for	different	groups	of	students.		 The	instructional	lesson	was	based	on	the	forms	of	energy	within	the	subject	area	of	science,	due	to	the	recent	research	on	the	importance	of	understanding	scientific	concepts	and	cultivating	a	curiosity	for	science	at	a	young	age.		Recently,	the	National	Research	Council	(NRC,	2012)	indicated	that	the	elementary-school	years	are	an	integral	time	for	capturing	and	sustaining	student	interest	in	science.		The	combination	of	scientific	concepts	being	presented	with	multimedia	may	invoke	more	interest	for	students	who	are	not	motivated	or	not	interested	particularly	in	this	subject	area	at	a	young	age.		 For	these	reasons,	a	study	was	completed	that	was	guided	by	the	following	research	questions.	
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	Appendix	B	Instructional	Materials	Pretest/	Posttest	(Final	Study)		Name_____________________________________________________			Circle	the	letter	of	the	correct	answer.		1.		Which	of	these	is	an	example	of	energy?		 a) a	boy	playing	soccer	b) a	chair	in	the	kitchen	c) books	in	a	desk	d) a	pencil		2.		Which	of	these	is	an	example	of	sound	energy?	a) a	bike	in	the	backyard	b) water	in	a	bucket	c) listening	to	your	teacher	read	a	story	d) a	person	standing	in	an	elevator		3.		How	many	types	of	energy	are	there?	a) 6	b) 8	c) 2	d) 5		4.		Which	of	these	is	a	basic	form	of	energy?	
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a) muscle	energy	b) sound	energy	c) wave	energy	d) weather	energy		5.		A	car	waiting	at	a	red	light	has	which	of	these	types	of	energy?	a) kinetic	energy	b) potential	energy	c) wave	energy	d) light	energy		6.		What	kind	of	energy	is	created	by	the	sun?	a) kinetic	energy	b) light	energy	c) electrical	energy	d) thermal	energy		7.		What	is	the	energy	of	motion	called?	a) potential	energy	b) kinetic	energy	c) chemical	energy	d) thermal	energy		8.		What	kind	of	energy	is	stored	in	an	object?	a) kinetic	energy	b) light	energy	c) potential	energy	d) thermal	energy	
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	9.		A	car	in	motion	is	an	example	of	what	kind	of	energy?	a) light	energy	b) sound	energy	c) kinetic	energy	d) thermal	energy			10.		What	kind	of	energy	to	plants	use	to	make	their	food?	a) light	energy	b) thermal	energy	c) kinetic	energy	d) electrical	energy		11.		Hamburgers	cooking	on	a	stove	is	an	example	of	which	kind	of										energy?	a) thermal	energy	b) potential	energy	c) kinetic	energy	d) electrical	energy		12.		A	flag	blowing	in	the	wind	is	showing	which	kind	of	energy?	a) potential	energy	b) kinetic	energy	c) thermal	energy	d) light	energy			
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157		 Objectives: 1 – Students will recall that there are six types of energy 
2 – Students will be able to identify a characteristic of each type of energy 
3 – Students will be able to distinguish between different forms of energy when 
presented with real life examples 
4 – Students will be able to explain differences between potential and kinetic energy	
Test Question Objectives Addressed Comments 1.Which	of	these	is	an	example	of	energy?	 1	 2	 3	 4	 	2.Which	one	of	these	is	an	example	of	sound	energy?	 1	 2	 3	 4	 	3.	How	many	types	of	energy	are	there?	 1	 2	 3	 4	 	4.	Which	of	these	is	a	basic	form	of	energy?	 1	 2	 3	 4	 	5.	A	car	waiting	at	a	red	light	has	which	of	these	types	of	energy?	 1	 2	 3	 4	 	6.	What	kind	of	energy	is	created	by	the	sun?	 1	 2	 3	 4	 	7.	What	is	the	energy	of	motion	called?	 1	 2	 3	 4	 	8.	What	kind	of	energy	is	stored	in	an	object?	 1	 2	 3	 4	 	9.	A	car	in	motion	is	an	example	of	what	kind	of	energy?	 1	 2	 3	 4	 	10.	What	kind	of	energy	do	plants	use	to	make	their	food?	 1	 2	 3	 4	 	11.		Hamburgers	cooking	 1	 2	 3	 4	 	
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on	a	stove	is	an	example	of	what	kind	of	energy?	12.	A	flag	blowing	in	the	wind	is	showing	which	kind	of	energy?	 1	 2	 3	 4	 	13.	A	boy	is	holding	a	baseball	in	his	hand.		He	is	ready	to	throw	it.		What	kind	of	energy	does	the	ball	have	as	it	is	sitting	in	his	hand?	
1	 2	 3	 4	 	
14.		Name	two	things	in	your	school	or	house	that	use	electrical	energy.	 1	 2	 3	 4	 	15.		During	a	kickball	game,	a	ball	is	kicked	high	in	the	air.		Does	the	ball	have	more	potential	energy	after	it	lands	or	at	its	highest	point	in	the	air?	
1	 2	 3	 4	 	
16.		A	rubberband	is	stretched	as	far	as	it	can	go.		When	it	is	stretched,	what	kind	of	energy	is	increased?		When	it	is	let	go,	what	kind	of	energy	increases?	Explain.	
1	 2	 3	 4	 	
17.		When	you	swing	on	a	swing	set,	explain	how	energy	changes	from	one	form	to	another.	






















18.		Explain	what	kinetic	energy	is	in	your	own	words..	 1	 2	 3	 4	 	19.		Give	an	example	of	kinetic	energy.	 1	 2	 3	 4	 	20.		What	kind	of	energy	does	a	plane	have	as	it	is	waiting	to	take	off?			 1	 2	 3	 4	 	
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Scoring Rubric   
Assessment 
 
Question Answer Point Value Recall/Transfer 
1. Which of these is an 
example of energy? 
a. a boy playing soccer 0 1 Transfer 
2. Which of these is an 
example of sound 
energy? 
c. listening to your 
teacher read a story 
0 1 Transfer 
3. How many types of 
energy are there? 
a. 6 0 1 Recall 
4. Which of these is a 
basic form of energy? 
b. sound energy 0 1 Recall 
5. A car waiting at a 
red light has which of 
these types of energy? 
b. potential energy 0 1 Transfer 
6. What kind of energy 
is created by the sun? 
b. light energy 0 1 Recall 
7. What is the energy 
of motion called? 
b. kinetic energy 0 1 Recall 
8. What kind of energy 
is stored in an object? 
c. potential energy 0 1 Recall 
9. A car in  motion is 
an example of what 
kind of energy? 
c. kinetic energy 0 1 Recall 
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10. What kind of 
energy do plants use to 
make their food? 
a. light energy 0 1 Recall 
11. Hamburgers 
cooking on a stove is 
an example of which 
kind of energy? 
a. thermal energy 0 1 Transfer 
12. A flag blowing in 
the wind is showing 
which kind of energy? 
b. kinetic energy 0 1 Transfer 
13. A boy is holding a 
baseball in his hand.  
He is ready to throw it.  
What kind of energy 
does the ball have 
sitting in his hand? 
d. potential energy 0 1 Transfer 
14. Name two things in 
your house or school 
that use electrical 
energy. 
Students must name 
both for two points or 
one type for one point 
0 1 2 Transfer 
15. During a kickball 
game, a ball is kicked 
high in the air.  Does 
the ball have more 
potential energy after it 
Students answer “at its 
highest point” for one 
point and give an 
explanation of potential 
energy for two points. 
0 1 2 Transfer 
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lands or at its highest 
point in the air?  
Explain. 
16. A rubberband is 
stretched as far as it 
can go.  When it is 
stretched, what kind of 
energy is increased? 
When it is let go, what 
kind of energy is 
increased? Explain. 
Students mention 
potential or kinetic 
energy for one point.  
They mention both 
potential and kinetic 
for two points.  Three 
points for both and an 
explanation. 
0 1 2 3 Transfer 
17.		When	you	swing	on	a	swing	set,	explain	how	energy	changes	from	one	form	to	another.	
Students use kinetic 
and potential energy 
and explain at which 
point each is use. 
0 1				
 2        3 Recall 
18. Explain what 
kinetic energy is in 
your own words. 
Students give an 
acceptable explanation 
for the point. 
0 1 Recall 
19. Give an example of 
kinetic energy. 
Students give an 
acceptable example. 
0 1 Transfer 
20. What kind of 
energy does a plane 
have as it is waiting to 
Students answer 
potential energy. 
0  1 Recall 
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take off?   
 
 		
